Medical science has enabled the substitution and reinforcement of body organs and tissue through the evolution of better materials. Metallic implants have been utilized to aid in injury wound healing as bone replacements, endoprosthesis, and percutaneous devices. Of concern with metallic devices is the prolonged effects and service life of the implant. It is known that metallic dissolution and premature failure can occur in the body leading to complications for the host. In an effort to provide more corrosion resistant materials with adequate strength for better resistance against high cycle fatigue, Ti-Ta alloys are presented to compete with current, popular materials such as Ti6Al4V. This research focuses on the binary alloy systems of Ti40Ta and Ti50Ta alloys for implant consideration. Three heat-treated versions of the Ti-Ta system that demonstrated high strength properties were also assessed. Cell culture testing of NIH-3T3 fibroblast cells was conducted to perform biocompatibility testing on these metal substrates. MTT cytotoxicity assays were performed to evaluate cellular behavior on the metal substrates. Flow cytometry assays were conducted to analyze rates of cell growth and cycling to determine best surface conditions among these metals. Results indicate very similar cellular activity on the Ti alloys and to a lesser degree on the commercially pure titanium and tantalum. Flow cytometry tests showed similar cellular growth rates on the different materials and on the control plastic. MTT assays indicate a higher degree of proliferation on the Ti-Ta alloys and on the Ti6Al4V. Although the Ti and Ta elemental materials supported slightly fewer cells on their surface, differences were minimal. Ti-Ta alloys appear to be comparable if not slightly more compatible than the standard Ti6Al4V.
Introduction
In today's society there are many activities and accidental occurrences that can render a person to extensive rehabilitation. Of growing concern in the rehabilitation process is the use of metallic implants for prolonged periods of time.
There is evidence now that shows metallic dissolution into surrounding tissue can cause complications with and around the implant. 1, 2) This occurs with materials such as stainless steels and titanium-based alloys. Titanium and titanium alloys have been the materials of choice for various medical applications such as endoprosthesis and dental implants, yet conditions such as metallosis, inflammation, and irritation have all been linked to the migration of metallic ions into tissue. 3, 4) Thus the limitation of metallic dissolution is a goal in the design of new titanium alloys. A possible replacement for the Ti6Al4V, Cr, and Ni alloys that has recently gained much interest is the Ti-Ta alloy system. The addition of tantalum not only increases the resistance to corrosion of titanium, it also improves the mechanical performance. 4) Previous work performed by Ortiz 5) demonstrates comparable strength characteristics of the Ti-Ta alloys as compared to Ti6Al4V. With acceptable if not superior strength values, the Ti-Ta alloys can be expected to withstand the loading cycles imposed by the body since in general higher strength metals can withstand more loading cycles at a given load. It is from Ortiz's work that the selected heat treatments that resulted in the highest strength values for the Ti-Ta alloys in this study were obtained. With that, the usefulness of Ti-Ta alloys must be accompanied by a positive cell-substrate interaction to be considered as a viable biomaterial.
The specific alloys of interest are the Ti40 mass%Ta and Ti50 mass%Ta alloys. The alloys were examined in the as-received and heat-treated conditions. In this research these materials were also compared to a material standard Ti6%Al4%V, along with two other current biomaterials used consisting of commercially pure titanium and commercially pure tantalum.
Similar work that was used as a template for this research was conducted by Prigent 6) using Ti5%Ta alloys in comparison to pure titanium. Other studies involving Ti-Ta alloys (very few) includes work done by Breme 3) using Ti30Ta and Ti40Ta in comparison to Ti-Nb alloys in dental applications where studies focused on microstructural features of the metals. Thus the Ti-Ta alloy system can be said to be fairly new in the field of materials science and medicine.
Experimental Procedures

Metal samples
The Ti-Ta alloys were obtained from the Los Alamos National Laboratory in ingot form. The metal samples selected were the commercially pure Ti, commercially pure Ta, Ti6Al4V, as-received Ti40Ta and Ti50Ta, Ti40Ta heat-treated for 100 h (360 ks) at 400
• C (673 K), and Ti50Ta heat-treated for 50 and 100 h (180 and 360 ks) at 400
• C (673 K). The metal samples were cut into 2 cm 2 (200 mm 2 ) coupons for the cell culture testing with duplicates. After cutting the samples with a diamond blade, the samples were mounted in a cold mount plastic for polishing. The samples were put through a series of grinding steps with 60, 220, 320, 600, 1200, and 2400 grit silicon carbide paper. Then the samples were fine polished using 1 µm, 0.3 µm, and 0.05 µm Alumina powder. The samples were then carefully broken out of the cold mount plastic for cleaning. The cleaning process consisted of a series of sonic agitation baths starting with acetone and continuing with methanol and ethanol for ten minutes in each chemical. The metal samples were then autoclaved to sterilize the metal prior to inoculation. In this study an examination of the rough surface substrates was also performed where the same procedures were performed for preparation as described above with one exception; the samples were not polished but only grinded down to the 600 grit silicon carbide paper step. These second set of samples were used to examine cellular responses to different topography.
MTT Assay Results For Polished
Cell culture
Cell culture testing was conducted using NIH-3T3 mouse fibroblast cells grown in RPMI 1640 culture media with acidity indicator, 10% fetal calf serum, l-glutamine and antibiotics (penicillin and streptomycin) in 100% humidity and 10% CO 2 . Passages were conducted twice per week for seeding of metal samples. Upon seeding the metal samples in twelve-well culture plates, 40000 cells/mL was used for the flow cytometry assays and 10000 cells/mL was used for the MTT cytotoxicity assays. Trypan blue cell viability examination was conducted upon set up of samples in cell culture. Assays were conducted after 48 h of growth.
MTT cytotoxicity assays
The MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-dipenyl tetrazolium bromide] is at a concentration of 2.5 mg/mL in PBS (Phosphate Buffer Solution). As controls and standard curve, prior to the addition of the MTT, a separate culture plate is used to seed duplicate samples of increasing concentration of cells on plastic. MTT is added to the experimental and standard culture wells after the 48-h (172.8 ks) growth period, and then a four-hour (14.4 ks) incubation period where the same incubation conditions are allotted for MTT crystal production by cells. The cells are then lysed using a solvent (0.1 N HCl/isopropanol with 10%Triton X-100) to dissolve the crystals. A sample of the solution is taken and using an ELISA plate reader with a set wavelength of 570 nm, the samples are analyzed using SoftmaxPro software.
A second set of MTT assays was performed to evaluate the adhesion quality of the cells onto the metal substrates. 4, 7) The exact same protocol as above is implemented with the exception of adding one step to the preparation process. Before the MTT chemical addition to the metal samples and controls, the metal samples were washed in Hanks Balanced Salt (HBS) solution. This process washes off any cells that are not adhered or not adhered adequately onto the metal substrate.
Flow cytometry assays
The flow cytometry assays were conducted utilizing Propidium Iodide (PI) and Bromodeoxyuridine (BrdU) DNA staining agents. After two days of growth the samples were prepared and fixed following a protocol written by Overton.
8)
The cells were then analyzed using a Beckman Coulter Flow Cytometer to evaluated cell cycle progression of the cells on the metal samples. The data acquisition and analysis was carried out using Expo32 software.
Results and Discussion
MTT assays
The first set of experiments were to determine how well cells grew (proliferated) on the surface of polished metals. After running the assays on the ELISA plate reader, the data from duplicate wells was averaged for each material in order to obtain a representative value of the number of cells present on the surface of these metals and are displayed in Fig. 1 . The heat-treated Ti-Ta alloys are given in three numbers representing tantalum content, hours of heating, and heat treatment temperature (
• C), respectively. The values for cell concentrations on the polished substrate surface are relatively similar, with the exception of the 40-100-400 ( Fig. 1(a) ). In Fig. 1(b) , the adhesion assays demonstrate a drop in cell numbers on the substrate surfaces after washing, as compared to Fig. 1(a) has the largest drop in the number of cells, on the surface after washing where it was the material with the highest number of cells before washing. This suggests that the 50-100-400 material supports a high cellular proliferation but cells adhere less efficiently when compared to the other samples. This may be attributed to differences in oxide layer thickness and composition. [9] [10] [11] It can be said that cell adhesion and proliferation are two issues not directly related. The 40-100-400 metal substrate supports similar numbers of cells before and after washing (Figs. 1(a) vs. (b) ) suggesting that although proliferation of cells on this surface was not as high as on the other samples, the adhesion of cells on the 40-100-400 sample was superior to the other samples in that it was able to retain the majority of cells on the surface after washing. Although the values for the 40-100-400 samples in Fig. 1(b) were numerically higher than the 40-100-400 samples in Fig.  1(a) , the difference is so small in percent that the values are comparable. Variances between the two types of assays may be due to cell culturing factors such as age of media and possible disturbance to cell culture during incubation. Thus, cellular proliferation was supported equally well on most of the polished surfaces with the exception of 40-100-400. Adhesion of cells on polished surfaces was also mostly equally supported by all surfaces with the exception of 40-100-400 and 50-100-400, which maintained adherence the best and worst, respectively. Cellular proliferation and cell adhesion was also assessed on roughened surfaces (Figs. 2(a) and (b) ). The number of cells on the surface after 48 h (172.8 ks) of growth was essentially similar on all the samples evaluated ( Fig. 2(a) ) except for the Ta, Ti50Ta, and the 50-50-400. Similar values for the Ti, Ta, and Ti6Al4V were observed between Figs. 2(a) and (b) after washing the samples and the Ti-Ta samples resulted with greater values. The higher values in Fig. 2(b) for the Ti40Ta, Ti50Ta, and 50-50-400 as compared to Fig. 2(a) can be the result of better cell culture responses by the fibroblast cells in those particular assays. The graphs show the average values of all three assays performed for each sample, which were all similar for each metal in each kind of assay. In addition, the cell numbers are similar in that each material result was for the most part between 30000 and 50000 cells. Few cells appear to be removed upon washing when comparing Figs. 2(a) and (b); suggesting that the roughened surface provides a better surface for cell adherence. The roughened surfaces did not support cellular proliferation as well as the polished surfaces ( Fig. 1(a) vs. 2(a) ). Thus the roughened surfaces exhibit less cell proliferation, yet demonstrated superior cell adherence through comparable cell retention values between Figs. 2(a) and (b).
Flow cytometry assays
In this procedure, measurements of growth and proliferation of cells on the surface samples was made. Three tests with duplicate samples were conducted for each different material where Table 1 gives the results for one of the assays that are representative of the other assays performed. Table 1 shows the summary of percentages of cells in each cell cycle phase for each sample tested. G1 is a growth phase of the cell, S phase is the DNA replication phase, and G2 is a cell growth phase with two sets of chromosomes. The heat-treated samples again are expressed in tantalum content, hours of heating, and aging temperature respectively. It is observed that after two days of growth on the metals, the majority of fibroblast cells are in G1 phase, a third of the cells are in S phase, and less than 5% are in G2. Similar values are seen for cells on plastic. Of notice is that these materials, both smooth and rough, are supporting uniform growth (proliferation) patterns with respect to one another and to plastic control surfaces. The 40-100-400 samples are shown separately from the other samples because they were tested at a different time and series of assays. The 40-100-400 alloy supported proliferation on both smooth and roughened surfaces equivalent to the con- 
Conclusions
It has been shown that all the tested materials result in positive responses to cellular activity on their substrates. With the Ti6Al4V alloy as the standard material, the Ti-Ta alloys prove to be comparable in all the studies conducted.
The MTT assays demonstrate that cell viability and adhesion are not proportional to one another. In general the heattreated Ti50Ta materials provided better cellular proliferation Figs. 1(a) and 2(a) , while the heat-treated Ti40Ta material resulted in better adhesion capabilities as indicated in Figs. 1(b)  and 2(b) . In all four different assays ( Figs. 1 and 2) , the TiTa alloys in general seem to result in a slightly more viable surfaces as compared to Ti, Ta, and Ti6Al4V. The flow cytometry assays demonstrate that all materials provide a good surface for cellular growth and proliferation. They are also comparable to the growth of cells on plastic leading to the conclusion that these materials provide a viable surface for connective tissue.
While this research offers a fraction of the necessary biocompatibility testing, these preliminary results will lead to further investigations where the ultimate goal is commercialization of Ti-Ta alloys. In conclusion of this study the Ti-Ta alloy system is definitely worthy of further research for medical applications and endoprosthesis. Although cellular responses were not significantly better in the Ti-Ta alloys, that small range of superiority in most of the studies leads to a promising alternate material to Ti6Al4V.
